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Abstract 
A 15-year-old patient with osteosarcoma of left distal femur underwent a bone scan with Tc-99m 
hydroxymethylenediphosphonate (HDP). Whole body bone scan revealed extensive bone and 
thoracic metastases. Single Photon Emission Computed Tomography-Computed Tomography 
(SPECT-CT) of the thorax localized the uptake at pleura and lung nodules. In this case study we 
want to share our experience using SPECT-CT. 
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1. Introduction 
Osteosarcoma is a primary malignant bone tumour arising from primitive mesenchymal stem cell. This cell is 
capable of differentiating toward bone, fibrous tissue or cartilage [1]. The most common pathologic variants of 
osteosarcoma are osteoblastic, chondroblastic and fibroblastic although numerous histologic subtypes exist. Ep-
idemiologically, it is the 6th most common group of malignant tumour in children [1]. 
Distal femoral and proximal tibial metaphyses is frequently affected as these areas are the region with the 
greatest growth rate. Usually the diagnosis is first made by a plain radiograph that reveals an ossesous lesion ex-
tending into the soft tissue with destruction of cancellous and cortical bone. Magnetic resonance imaging (MRI) 
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is then used to assess the extent of the local disease. A computed tomography (CT) scan of the chest is done to 
identify possible pulmonary metastases and a radionuclide bone scan is arranged to identify bone and soft tissue 
metastases. 
SPECT-CT is effective in differentiating soft tissue lesions such as granulomas from osseous metastases. It 
can also localize and differentiate between the physiologically active and non-active calcified pulmonary and 
pleural metastases, as presented in this case report.  
2. Case Report 
A 15 years old boy, referred from a hospital in northern region of Malaysia presented with left hip pain asso-
ciated with a progressive swelling at the distal part of his left thigh for one week. He was diagnosed with osteo-
sarcoma of left thigh. Initial CT scan of the thorax showed no lung metastasis. He had received 9 weeks of che-
motherapy using osteosarcoma protocol (HDMTX) and had radical resection of left femur. Total femur re-
placement was done after the chemotherapy. Three month after, he complained of shortness of breath, loss of 
weight and loss of appetite. Chest X ray showed right pleural effusion with several lung nodules (Figure 1). The 
CT scan revealed metastases to right proximal femur, sternum, T5 vertebrae, left sacral alar and lung. Bone scan 
using Tc-99m HDP was done to look at whole body bony involvement and it showed extensive bone metastases 
(Figure 2). In addition to bone metastases, intense radiotracer uptake is seen in the thoracic cavity; hence a 
SPECT-CT of thorax was done to localize the uptake in the lung (Figure 3 and Figure 4). 
3. Discussion 
Osteosarcoma is a primary malignant tumour of bone originating from primitive mesenchymal stem cell capable 
of differentiating towards bone. The most common pathologic variants of osteosarcoma are osteoblastic, chon-
droblastic and fibroblastic. It is the third most common malignant tumour in adolescents and young adults, and 
also the most common bone tumour in children and adolescents (accounts for approximately 35% of primary 
sarcomas of bone) [1]. Approximately 60% of patients are between 10 and 20 years of age and male to female 
ratio is 1.3 - 1.6:1 [1]. 
Distal femoral and proximal tibial metaphyses are the region, which is most commonly affected. These are the 
regions of the greatest growth rate. It is followed by knee, proximal humeral metaphysis and diaphysis and pelvis. 
 
 
Figure 1. Chest X ray showed right pleural effusion with under- 
lying right lung collapse. Several nodules of varying sizes are 
also seen in the left lung.                                 
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Figure 2. Whole body planar bone scan in anterior and pos- 
terior views showed multiple tracer uptake in the right border of 
scapula, left midshaft of humerus, in the thoracic cavity, multi- 
ple bilateral ribs, in the pelvic bones, spine and proximal right 
femur. There is also a photon deficient area in the left femur in 
keeping with previous implant.                             
 
 
Figure 3. Fused SPECT-CT images of the thorax in coronal 
view correctly localize the tracer uptake in the bilateral lung 
nodules, right pleura and the spine.                         
 
The most frequent symptom is pain for weeks or months, swelling and loss of function. Loss of weight and loss 
of appetite are unusual and it indicates metastatic disease. Osteosarcoma frequently metastasis to the lungs fol-
lowed by bones. Multiple bone metastases also reflect multifocal disease with poor prognosis. It is often diag-
nosed by history, clinical examination, radiological correlations (CT scan, MRI and bone scan) and tissue biopsy 
of the affected bone. Radionuclide bone scan is used to scan the whole skeleton, hence to exclude distant bone 
metastases and recurrence. 
The radiopharmaceutical for bone scan is 99mTc-labeled phosphonates (MDP or HDP). Our centre used 99m 
Tc-HDP. The 99mTc-phosphonates accumulate in hydroxyapatite crystal (containing calcium and phosphate ions)  
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Figure 4. Fused SPECT-CT of thorax in coronal view localized 
the radiotracer uptake in the right lung nodule (which is much 
clearer), left lung nodule, right pleura, and the spine.           
 
matrix or in the amorphous (noncrystalline) calcium phosphate. The principle uptake mechanism of the radio-
tracer is physicochemical adsorption. Metastatic deposits that produce vigorous osteoblastic response will ap-
pear as hot spot in bone scan, while the lesions that generate osteolytic reactions may not accumulate the bone 
radiopharmaceutical [2]. FDG-PET scan is less sensitive than bone scan in detecting bone metastases of osteo-
sarcoma [3]. 
Introduction of SPECT-CT in the field of medicine in 2004 has made a non-invasive investigation to be able 
to see both anatomical and functional or metabolic changes of a disease. Both anatomical and functional infor-
mation is important in the patient management, and most importantly it is done in a single study [4]. Brightview 
XCT from Philips is used in this case study. CT scan is used for attenuation correction and localization. 
In this case study, there are multiple hot spots seen throughout the skeleton in a planar bone scan (Figure 2). 
From the planar bone scan, we know that the uptake is located in the thorax and other bones, but without 
SPECT-CT we cannot confirm whether the uptake is actually in the ribs, lung nodules or pleura. The most 
common causes of accumulation of bone seeking radiopharmaceuticals in extra skeletal tissues include dy-
strophic and/or metastatic calcification, increased ectopic osteoblastic activity, metastases from bone-forming 
primary tumors, increase of calcium-binding tissue cations, local pH changes, inflammation, and increased tu-
mor vascularity [5]. 
Almost a similar case study was reported before, but it was done without SPECT-CT localization [6]. 
SPECT-CT has been shown previously to differentiate the uptake in the thorax between the lungs or ribs [7]. 
This is important in diagnosing whether the increase uptake is in the lung nodule, or due to rib pathology. A 
fracture rib or a rib metastasis both showed increase in the tracer uptake, but the CT image could differentiate 
between the two. This is important, as it might change the overall management of a patient. In our case, although 
the planar bone scan already showed distant bone and lung metastasis, SPECT-CT was done to demonstrate that 
the lesions in the pleura, lung nodules in bilateral lungs and the spine seen on CT scan were physiologically ac-
tive osteosarcoma metastases. SPECT-CT is also effective in differentiating soft tissue lesions such as granulo-
mas from osseous metastases, as the former will not show increase in radiotracer uptake. 
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List of Abbreviations 
SPECT-CT: Single Photon Emission Computed Tomography-Computed Tomography 
CT: Computed Tomography 
MRI: Magnetic Resonance Imaging 
Tc99m: Technetium-99m 
MDP: Methylene Diphosphonate 
HDP: Hydroxymethylene Diphosphonate 
FDG: Fluoro Deoxy Glucose 
PET: Photon Emission Tomography 
HDMTX: Leucovorin with high dose methotrexate 
 
 

